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Figure 6.

Red Sea - 15
0
N 41

0
E - Color wrong for temperature.<25

0

Figure 10.

Baltic south of 58
0
N - Color wrong for temperature >5

0

South of Sumatra 00-30S 990
- 

100
0
E - Color wrong for temperature< 250

Figure 14.

Bay of Bengal 15°N 84
0
E - Color missing for depth> 90M

Figure 22.

Northwest corner of Gulf of Mexico - Color missing for temperature >20
0

Figure 26.

Red Sea 19
0
N 37

0
E - Color wrong for temperature< 250

Figure 32.

Gulf of Aqaba - Color wrong for temperature <20
0

Arabian Sea 150-18N 60
0
-64E - Color inside heavy closed contours wrong

for temperature < 250

Figure 36.

In the Gulf of Darien (Atlantic side of the Isthmus of Panama) the contour
lines read (from north to south) 25. 24.5, 24. 24, and 24.5.

Figure 42.

Arabian Sea at 150N 60
0
E and 12'N 70

0
E - Color inside heavy closed contours

wrong for depth> 60M

Figure 46.

Tongue of the Ocean 230
- 
25

0
N 770

- 
78°W - Color wrong for temperature< 25

0

and color extends into shallow area which should be white

Figure 58.
Baltic - Ice line should be deleted

Figure 64.

In the Gulf of Mexico (west of Florida and northwest of Cuba) the 23.! con-
tour line should be broken in the same area as the 20.5, 21.5, and 22.5
contour lines. The contour line running southward from the south coast of
Grand Bahama Island through the Florida Strait to the north coast of Cuba

should intersect the coast just west of the intersection of the 250 contour
line with the coast of Cuba. It has a value of 240.

The 18.5value north of Yucatan should be 150. The contour lines east of

this value should range from 200 to 150. They have been left out because of
inadequate space.

Figure 72.

Yucatan Peninsula - Color wrong for temperature <25
0 
(and offset)

Figure 140.
North of Baffin Island - Color wrong for depth < 30M

Figure 144.

Middle of Red Sea - South edge of color for> 300 does not extend to heavy
300 line

Figure 146.

North Sea 55°N 1
0
E - >should be<

Figure 148.

North of Cuba at 23°N 78
0
W - There is a north-south 260 line missing which

connects the two shallow areas

Figure 158.

Pacific 0-50S 80
°- 

96
0
W - Tongue shaped area extending from Ecuador coast

to and beyond Galapagos Islands is wrong color for temperature 200

Figure 212.

Annual cycle figure labeled 22 N 37 W (Atlantic Ocean) is correct for
that location, but curves for 22°N 37°E (Red Sea) should have been

printed here



ATLAS OF NORTH ATLANTIC - INDIAN OCEAN
AND MEAN SALINITIES OF TH

MARGARET K. ROBIN!
COMPASS SYSTEMS, I

SCRIPPS INSTITUTION OF OCEAN4

ROGER A. BAUER
COMPASS SYSTEMS, I

ELIZABETH H. SCHROE
WOODS HOLE OCEANOGRAPHIC

1979

~OMTINAL

REPRODU

Approved for public release;
distributio n unlimited. I

NAVAL OCEANOGRAPHIC OFF
NSTL STATION, BAY ST. LOUIS, MS



'NOO RP-1 8

IIAN OCEAN MONTHLY MEAN TEMPERATURES
IITIES OF THE SURFACE LAYER

RGARET K. ROBINSON
WPASS SYSTEMS, INC.
LTION OF OCEANOGRAPHY (ret.)

ROGER A. BAUER
"PASS SYSTEMS, INC.

ABETH H. SCHROEDER
OCEANOGRAPHIC INSTITUTION

DTIC
ELE- P-bL

1979 S AUG 6 1980O

A

ORMGINAL CONTAINS COLOR PLATES: ALL DO

REPRODUCTIONS WILL BE IN BLACK AND WHIT

Approed for public release;I
distribution unlimited.

VAL OCEANOGRAPHIC OFFICE
rTION, BAY ST. LOUIS, MS 39522



FOREWORD

Thu temerattire charts in this North Atlantic-Indian Ocean atlas aret hased primily on
htrthythertograprh data collected from 1911 to 1971. but also on nitans extracted front Itilished charts
anrrd unpitublitshed tabulations. They result front a thortiguh statisteal analysis and rt lysis it lit I .
spplemented. where necessary, by painstaking so hjective analysis.

T'his atlas will be useful to oceanographers, meteortologists, and mainet hiologists who tldertake
studies in the North Atlantic and Indian Oeans reiuh ing knowledge of water tenlteratures in the utper

192 ft. (1511 i. In addition. tnderwater acousticians may find these data useful in ctondlucting near-

rurface sound iropagation Studies.

tr. C. PALMER
Captain, USN

Commander

Nil' #+I,
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INTRODUC~TION lti' If.rxI92 ':.w I
fil'nc'd thought in

'This Noith Atlantii'-lniian I(h-an Atlais cointains~ ionill li jltl ' %u and Il,ivi l .,I'I igic

melian se a tem perat atres at Ithe surface and fi' osurface le-\vls Illest ic-h -- ,p tnnimarizil th
ait I1)1-ft 131)-rn i ntIervalt s to 142 ft t 150 nil. The chice (if t he 1001- iibs.'rv~tins of i s\iti .
ft depth interval continuedl the anailysis Standard Set by earlier tions bet\\een 17 19 t 'i,, an d,Istudies of subsurface tenlcatuceT distribuion in Iit' Pacific teniperatuire ,Iistriliiit ion in lti,
Ocean based on HIT data. These dept hs lice( c-learly nmarked on BT' extensi-vea cIhes, of -i~iii
gids making depth interpolation uinit('tssari' and mlinimizaing Front thlese sillrce, i lit,-d~l
reading eirrors. The Selected five equial tltt-fi intervals are tile ilccanograttply and the nlat gal imln'I ni~~~~inimrum reqtuirel (Idescribe the bai%%lirae ehictii hich mlade it possiilk aIi ulll,
.st ructulre. A large prop ortin of the BIT daita w\as, ji'iessei iln

Fahrenheit degrees: however, to conforni wit Ii gi'iieral W~estern niin's kwmiowlellgt.ftIli,
oceanographic ulsage pIlIl~ilatil is in degrees C'elsiuis. A Phoenicians and G ree'k, in tie MoiiIFahrenheit-Celsitis co~nversion table appears onl each Recent vidence front stone inserip
temnperatutre chart for the convtenience' of the( user. tpotte ,c \Shards discore in hii I

descriibed Icr Fell t971;linict.Sth'sI ~Mean Sal in itie's are also tresenitedit at ihe six lees. 'rht Egtyttian traders iray have r,'acli,'
salinity' values are means oIf the National Oce-anographIic Data B.C. and 500t Alt. With the fall] of K
Center i NODCt t1969 collection of hvdrocast station tdata. The the skills anti knowledge if thht'
means a re not true annuial mleans btecauise (err liiitt'e %% in tutrdata knowledge (If their early. vyagt's wi
have bteen col lectedl. tparticlularly in the non hern seas. and the Viking voyages, were lost to' Eurp
cmeans are' therefore dlesigntedt ''ll -(lita'' mea ns. tific kniowleidge of t hte Greeks and I

bian scholars antd retIiscovt'c'' Ij li
Inc'lud(] art' charts derived fotm n ic mansco (Isigf thte Crtusades in the It th centur. fro nihhr l(issii

itnth ly totpograph ites of t he tolp (if th htihiritIive. imit lily* Motors into Spain after their Sithceo ou
tempteratuari' ifference. iti (t'n tht' sutrfatet and 1lil ft 11211 (il)5 annu-tal mt'ans antd ranges fitr each ouf the six levels, and amnnuall Navigational instrtiments uise't in

cyc vle curves fttr stiected locations detnmonstrcliing sua ce alit 1 Y foirms of the magntic dim 'a,
subhsui'face seasitnal tern Ieritat' \ariat iins. A ftmt-int co n- magntic' c'nmpass wiis ilgiti in uii
versiona table apptears tn t'at'h t ht'ctliiit chart anid a comamon list' by 1200 Alt. AlthouglI tt'inttt'emorlturt' tdifferecet conve'rsioin tabtle ontaIht' charts ttf not tundetrstoodt. it was recotgn ized a
tt'mpett're iid'ifferene bet we'tn tht' Sur fact' a nil to ft 1120 In I tensate fttr it.- Tht' astrolable, wichti
and charts of annutal tempetrtuart' range. vtntet't by the ;rt'tks. was k(ownI (vh%\s lttst until arountd 1300., tttt "a~s a

A match ing dta tdist ribution c'hart is tctt idt'd ftt'or each'it h tht'st' navigational inst rum ent
mothry and annutal tt'mtttratutrt' chairt at aill levels aint for th li'tlttrat itn began with Hart holo nita I
Stirface sali nity tharts (n lv, Sint't t ht' ali nit.\ daita tlist ci Illt ion aind V'asctt ua (Ta.a 1497. folliiwe.
for all lt'vels to 1501 mett's' is t'sst'ntially tht' sitmte. .wtrld expedititon of 15191-1522.

The Atlantit' section ttf the chttrts extt'nds fron )'S to 7:tVN In the following 2(N0 yt'ars, while
ttnd from l00I'W toI 751E. btit contoulrs in tht' nttrthwetst Stopi lit highway fttr ships, of Spain. France
Hudmson Strait tantd in tht' nttrtheast :it 45' E in t ht' Barentis Sea t'tlttnizt' antI plundt'r tht' new wo~rldl,
antd 1o nttt extt'nd Sttith intt tht' W~hitte Seti. Tht' Indlian Ocean great natural p~hiltosopthers antI math
inst'rt covt'rs tht' arta 5'S to 30oN. :32oE ti t03toE. nicus. Mercator. Kepler. Galileo. II Newtoin. ant IALsilnitz. was alui

Tht' mtnt hly tt'm ;srttiri's and al I-dat a sal init it's in thisit las kntiwledgte and techniques that a,
art' a tortittn ttf (hi' Ha it'c-Rttli nstn Numeorical At las oil1 standing, of the physics of t ht' (IttitI ~ ~~~~~~~~~magntic tlii'. The t'hart. sweire t racetd frttm t'ti iite-tn ' ion, and d ist ribtio tn of temhitratiii
t'onttttr charts frttm the' Nuime'ri'al At Itis. Da(tta in tht' Numricl
At las ctontain tefl hrauart' antI sal in it valii's, at thi' surfaci'. I lanil-in-hantl with (hei'nt're'ase' in
subisurfa'e 10(1-ft Iels. tind at all NI ( (I hvd rttt'st det'ith levels tht' invent ion antI imrorvemetnt ofi
frttn 1541 ti o t meters. Atlili (natll.. the' ttts' t'tntatins mleans. Thi' invt'ntittn ttf the sextant ilIi
at Fleet Niime'rii'al Wiathi'r C'ent rl iFlNW() 'ianlsis levils, IHad ley. Englishman, antI Thomas C
'AIO. SIX). 1(MX antI 12(M) ft. improvt'd latitude measuri'ments- TI'

use with little change lto thi' presint
loingit ut' was still a seris nah igLITERATURE REVIEW Qttei'n Anni' of England tiffirei apri
inventiion of an accurate thrmnimett

Modern oceetnograpihy, tht' analysis itf tht' pthysit's ttfthe siea, was wotn bty Jtihn 1Iarcisitn in 1762. (t
wats not piossible until lwutry antI instruimints tciptilei irtf trI.teh invent itn in 1714 oif tht' mert-lry t lt'

samptling water at deptth were tel'ilted at (hi' intl if thi' 11th establishment of the Fahrenheit I Fi
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\, IIX.In Xisi It2 rit Ii' tilt hbi lI Itir of e.nt, thal ill- and tilt C'entigradi' (Celsius ICII scale in 1712.
hotuthtIl in th hi martti' eni.ta u Ilin i ll 11 ill

h.l .. Iit, rriwan I )iacin 1,Is 7it I -I lkheilI 'Sient I itt d I e Soon thereafter. scientific expieditiotns wet.' ortanizitl To
S..-.: I6- si ti atilrinipha~kion Ilo hidielteitoeasure ovean temiperat ure. nut tinly at the surfaci' hott ik.o it

, ld..; and Il. rigi in 'if tilt- 'alt -mlivit ill tilt-.'ut' great dept hs. Between 17 W and I S ulters- it e owet "it\ ,\-
II, \ ieh I l5 7  

n siotarizeil the ienitv ii-11t.1'iiatlo ii.editiuns undertaken by' ships if Great Britaitn. France. Riis'ia.
ta .. I, oii it ts\t.% e\liedit iins coindlucted lu, \i -en Ila- I lit- Netherlands. Austria. Itenniark. and the! nited State's The-se

li,t wi,-e n 1719 tsi~s and dliscuissed ill iarl ' t thei.r ie of vikeilit ions gatheredi sturfaci' anti sublsurface Itettieratiires ill
'imp-rattre- tli-triliit in itt the deepi sieas, Tlhese auth ll iad'i the Atlantie. Pacific, and Indian OcIeans fromn the Arct ic t.. tit,
st iVi stiChesl (If original pulicat ions nit uv~aallt ti, is Antarvtii.

...... nviluhN and the navitzat ittal anil tiiasarinttiitiiiitt Accrding to l'restwich t hi hulk of' thet osuiisrfaveti- t-asare-
tilt nilaili it iosslili- ate suin iariyzil. ttiitit that I'l sititntarizeil friini thisi- iarlN ei-'i'ltiiin- itas

taken 1)i*v self-registi-ring niaximuuni-ttinium thi-riiii-its itn-
Weiste'rn mian's knoiwlilgi if thet ice-ans begatn " itt ilii- ealinti'i i\ Janmes Si' in I s2 (i. Is ttiimidifiiationtt, if lti ittlrt -

Phioeniciatns antI G'reeiks in thie Mieiitierranieaii itil Aigiun Sea-' silnt liv bith Frinici andI IBrit ish attisants. Itt U12. tlte,
lb-u-int tvidlinei fromt stione inscitio ins, liroitzi' iiapn andliii itFlrienc-hman Ainte dlevisedis c ruide fiirnt of rivirsing or
pioltien shiri.s iliscuivereil in liith Niorth anid Sith Anu'-rii-a. titittii which he uiseid in the Mleditertraniean. In 1.s87. tlhi'
'li-eiltei b% ~'lIltitniaista (iI i 1aiue liraai British firm if Negretti antd Zanblra iexperimntedt'i aith a

K li anitrai rs ma~ have ri-aehetthe Amttericas hIt -itt I t i proitec(teid t hermotmeter hut not utit ii 74. aft er the Isgintin upi f
1 u C. tnd l1t Alt . With the fall if Riome, trail, hail collapsed andl the ChI 'jim/ t ir Esliedititin. were pititectiid anil uiijroittiitit tdter-

i- skills anid kniwleilgi iif the earlY miariners. as nell uis ttiotteters perfected h.\ that firm.
knilili- f ti'i eal~viiagi'sand the latir isII I ll") A 1It

k tp tiai'. er' utoIiEu ri ipians 'iti it'l. isnii The earl\ dliscotveries in the sublsurtface te.urs wiere ta
tfiu- k nowlidte iif thie G rieiks tanid Rontans. hrisirtv b.% I A ra- tintperatutre idecreaseid raptid] lv friin thie su rfacie. thitn ttiire
'ian schoilars intl ri'iiscmveri'i bY niirthirn Eiiriipeans dlirtg grailtallv at greater idepiths: that Susutitrface' water bieneat h t he
Ttrusaiis in thvi' th ri'ntitrv,h hu'n riintroilti )' lv t hie eqtiatior was colder than that to the niirth anil siitth. As earb as

Mooirs intiiSpain after their 8th century- co niquest if that CitUnt rv I so( thi' Fri'nc'hmant Saussure diiscoiveredl that the idi''ep water Itt
hi' westi'rn Mediterranean had a utnifiirm te'mperatur e (if upi-

Navipatitnal instrtim'nts used in the' Riomtatn ira w\Ii the ar- iriximatily. '-5.7F t113.2'(Ct. c'infirnmeid li Berard in 18:11.32
lvN fioruts iif thi' magnitit' tcompass anti thi' ast rolabii. Thi' antI Al me in 18411-44. In 1826-29, tht' Frent'hmnan )'1'rviI Iconii-
mnetitic coimiass was again in tase arond t1n1041t A.It. attid in tluded from iteep tempheratutre' meatsuireme'nts niate abiiard tie
on in utse by 1200l A.D I. AIt hotagh magnet ic Iteclinatiiin wais .4s Fruilit- that in the open ocean temiperatu ati ainid telow% 3208)

t uniderstiiiid, it was recogn izeid unid at temp ts mail, tit cotnm- feet (975 i was constant between 39-411F (3.9-5 Ut. In I S31,
pinsat e for it. The astrolabie. " hijth meastureid latitUde, was. in- Englanid's Sir James Ross was dispatt'hed tin thei'iiinti e~eiiittion

i't'lby 'the (.re'eks. was known toi thi' Riomans. apparently iif the' I)isvut'ttq anti Rcst'ot-u tii investigtate thi' Anutarct ic
,,s lo st tintil arotanid MIX). bitt was again in general ttse, by 1:35tt. Ocean. IHer conclttde(], as itlid rhurIville, that t here was at piir-

Wit h these navigatiiinal instruments the i'ra iif great ocean t'x- ststent'e of tunifoirm temperaturt' of 3951F (4.1C b(Ileliow certain
lotratiiin biegan with Bartholomew Diaz. 1488. C'olumbius, 14112. idepths in the great oceans. Similarly, the American Wilkt's tin

antl Vascio iia Gamna, 14917. foalloiwed by Magellan's riitndl the the U.S. expioring expeditions of the 'itcttics anil Iii.U~iit
it irli i'xipeiition tif I1519-1522. 1839-42. came to the same coinclusiton.

In thi' fotllowing 2001 years, while the North Atlantic wvas (hi' Even Sir Wyville Thomson, tintil the vioyage oif the ILtqhlniuoj
hiphw~ay for shifts of Spain, France. Englandl, and Hotlland tii in 1868. had accepted the idea oif the constant 40(C tempieratture
ioloinize anit plunder the new world, scientific intquiry bly many water in the deep ocean hecatise, as qutottedl by Dleacton (p. :1(18,

triat nattiral philosopihers and mathematicians, such as ('oper- "the fallacy had been accepted and tatight by nearly all the
nirus, Mercator. Kepler. Galileo, Descartes. Hooke. Halley. leading autthoirities in Physical Geograpihy." Thise men hail ig-
Ni-ti tin. antI Leibnitz, was laying the foundatioin of the nored or been unaware of the findlings; of the Englishman
knuwli'ige anti techniques that would lead to our tinider- Mareett in1819 and the Frenchmen, Erman inl828indl flespretz
standing if the physics of the ocean, its currents, tides, circula- in 1837,that the freezing puiint and point of nmaximum idensity tf
tion, anit idistrihution tif temperature, salinity, and chemicals, sea water varied with the salinity of the' waler antI that freezing

points as tow as 28.4*F I 2'C) could Oiccur. E~rtrors injuittltent
I lanil-in-hand with the increase in scientific kniowledge came of the earlyV exptlorers were primarily duie tit the imprioper ap-

hi' inventitin and improveme'nt of navigational instruments. plicatitin of pre'ssure cotrrections tit their observat ions.
Thi' in .ventitin tof the sextant in 1730 independently by John -a 8:I laleEnglishman, and Thomas Godfrey, Ame'rican, greatly The Rtussian Le'nz, however, as early a18:-26, had proivet
impoivd latitude measurements. The sextant has remained in that in the open ocean tempeiratures at great depiths were little
usev with little change to the present. Accurate dletermination of abiove 0'( 321FI. The Frenchman.IDt Petit-Thottars, in 18:16-39,
loingittide was still a serious navigational problem. In 1714, fully counfirmed Lenz's observation that temperatturi's frit 1)-
tQuiien Anne' of England offeredl a prize of 20,000) pounds fir the 3I7oF (11.7-2.80C) existed at gre'at depiths in botth the' great ocetans.
invi'ntiiin of an accuratie chrotnometer for use at sea. The ptrize
,,is wiin biy Jiohn Hlarrison in 1762. Of eiqual importance was the As early- as 1812 andl again in 18:11. vm Httmblsdt ciintendled
invintion in 1711I of' the mercury thermometer, followed by the that the existence of cold layers in low latittudes piroives the ex-
-taltlishment (of the Fahrenheit Wt temperature scale in 1724 istence of tundercurrents flotwing froim (hi' poies to (hi' equtatoir.



Without these submarine currents, he claimed. the tropical setas greater depths wert, encountered than had been ant iiltiati-'d I.
at depth conl only have a temperature equal to the"local Ina\- chemist. Buchanan. who discoverd the erri, in the pnr,.
imum tof cold of the falling particles of water" from the cooled corrections. published in 1S,.| a report on the slocific tra;i it'.,
surface of the tropical sea. In the Mediterranean the asene tif the C'/ol ,q, or water samples.
(old water it depth was explained by the Frenchman Arago in
I : S by the assumption that the entrance f leep pIolar ctllevents Buchan (18951 summarized corrected "holli ei r and ,thi-.
into the Mediterranean was prevented by the shallotw sill at the pre-1895 deep data in 12 horizontal isothermal charts bvt%',av,
Straits of Gibralter. resulting in the constant 13.20(C deep the surface and 1500 fathoms, and Murray tlSs9 discusseid th,
temperatures reported by Berard anlAinne. Lenz.both in isl and annual range of temperature in surface water of the uiceatts and
1S45. reviewing data furnished by himself and others. noticed its relation to other oceanographic phenomena. based -in ('/,,

the existence of a belt of water at or near the equator cooler I'ctser and other, 'servations.
than that at a short distance to the north and south, and thit the
maximum salinity does not occur at the equator but some In 1877. Alexander Agassiz. aboard the U.S. Coast Survey shit
degrees north and south from it. at 23°N and 170 S in the Atlan- Blikc. surveyed in the C'ribbean and Gulf of Mexico. Tizard and
tic. Murray (1882) and Tizard( 1883i reexamined the Faeroe ('hannil

in the summers of 1880 and 1882, discovering and naming the
Front the data he had collected. edited, and correcte'd. shallow Wyville Thomson Ridge, which separates the Arctic

Prestwich t18751 was the first to prepare ani potilish Basin from the North Atlantic Basin and which has important
longitudinal temperature sections from the surface ti great consequences on subsurface temperature and salinity distrilm-
depths itwo sections in the Atlantic and two in the Pacific from tions. In 1885, Alberto 1. Prince of Monaco, began systematic
the Arctic to the Antarctic, one in the Pacific east of Australia oceanographic observations in the Mediterranean ani North
from 25*S to 68S. and one in the Indian Ocean from 20°N to Atlantic aboard his yachts. Hir, uih'l ani Pit,,- s Al,, In
40 S. 1890 Pillsbury published his observations of the velocity of tite

Gulf Stream made from the Blik, at anchor stations in the
Meanwhile. LT Maury, 'SN. at the World Metiorol,,gical Florida Straits and in the waters of ('ape Hatteras and in the

Conference. Brussels. Belgium. in 1853. proiosed that sea sur- passages of the Windward Islands.
face temperature and meteorological data be olecteid and
archived on a worldwide basis hy ships of all member nations. In Publications of the Norwegians, Bjerknes IS!8 and Bjtrkni"
1S55 he published "The Physical Geography of the Sea." which and Sandstrom (1910-11 1, marked the bieginning of the modirn
contained the first sea surface temperature charts iof the North physics of the oceans. Bjerknes provided a theoretical iasis fur
Atlantic. The collection of sea surface temperature data begun determining the field of motion in the sea from measurements if
iy Maury is now being maintained and continually ullated by the vertical and horizontal distributions of pressure. Knudsin

the Environmental Data Service. National Climatic Center, had already published hydrographic tables for the conversion
Asheville. North Carolina. of chlorinity to salinity and to sigma-T in 1901, In 1915 IIe's-

selberg and Sverdrup publishted tables for the cootxutation ii
The celebrated C(fllh',.qer Expedition of 1S72-76. whose col- pressure and mass distribution.

lections of sea life, ocean bottom depths, and sediments con-
tributed so greatly to the knowledge of these subjects, also add- When Fridtjof Nansen developed the reversing water bottli
ed many details hut did not greatly change the concelts of the in 1914 for use with the protected and unprotected mercury thir-
physical oceanography of the seas as described by Prestwich. mometers, which had come into general use and were being,
The reason for this was that the temperature measurements produced by C. Richter or Smith and Vossberg in Berlin. theory.
were made from Miller-Casella thermometers, each requiring its instruments, and computational methods of modern
own pressure correction determination. Unfortunately, an error oceanography had become established.
was made in computing the pressure corrections and the correc-
tions applied were too large. The Siemens electrical resistance Meanwhile, the International Council for the Exploration of
thermometers that wrere aboard had been sent home before the the Sea (ICES), founded in 1902, began in 1908 to publish
('balh'uger went beyond the Antarctic Convergence because if hydrocast data collected by ships of member nations in the
the difficulty in using them at sea. When the subsurface North Atlantic Ocean and North and Baltic Seas. Publication of
temperature inversion was encountered, instruments capable of hydrocast data by ICES has continued to date except during the
measuring the inversion were not available. Upon reaching years 1915-26. Hydrocast data from 1930-59 from ICES publica-
Hong Kong in 1874, Negretti-Zambra's reversing thermometers tions were used in this atlas.
were placed on board. After some initial difficulties, they
worked well, but the results were higher than those obtained by Helland-Hansen and Nansen 11926) published their observa-
the impiroperly corrected Miller-Casella thermometers and were tions of temperature and salinity taken in the eastern North
therefore questioned andi only oceastonally used. The hoal-uuyi'r Atlantic by the Armaner Hansen in 1913. 1914, and 1922. Also
returned to the Atlantic through the Straits of Magellan and did used in the preparation of charts of temperature, salinity, and
not encounter again deep temperature inversions. In spite of the density were summer observations previously collected using
difficulties with the thermometers. the belu'uoicr did discover modern instruments, on the following cruises: Vic'iicl Sins,
that temperatures in the deep South Atlantic were higher on the 1910; Fridtjof, 1910; Fm. 1910; Thor, 1905-6, 1910, 1911; Daoi.
east side than on the west side, from which Tizard I 1870) 1922; Planet, 1906; Moore, 1911; Denitsct'land, 1911; Miitiltjit/i.,
deduced the existence of the Mid-Atlantic Ridge and the Walvis 1913; and Princess Alice, 1902-3.
Ridge although Wyville Thomson did not accept Tizard's ideas.
The Puerto Rico trench and Mariana trench were discovered but The International Ice Patrol was established in 1914 after the
the bottoms were not reached when the thermometers burst, as Titanic disaster. Smith (1926) of the U.S. Coast Guard showed
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A than had been anticipated. The that Bjerknes' principles could be applied to circulation in the
,%ered the error in the pressure Labrador Sea and Baffin Bay. Since that time the U.S. Cost
i report on the specific gravity of Guard has collected both hydrocast and BT data in these areas.

In the period between 1920 and 1938 many important
corrected ('halliger and other oceanographic expeditions took place in the Atlantic and adja-

,ontal isothermal charts between cent seas. These included German expeditions aboard the
and Murray 18981 discussed the Meteor and Altair. Danish expeditions on the Dana and
i surface water of the oceans and Godthfub, U.S. expeditions on the A tl(adis and .lhbi Ta!lr
phic phenomena, based on Chit- and a Norwegian expedition aboard the A rwwwr Hmonscu. These

expeditions used the modern reversing thermometer and
Nansen bottle.

tboard the U.S. Coast Survey ship
an and Gulf of Mexico. Tizard and Schott (1951 published his "Geographie des Indischen und
1 reexamined the Faeroe Channel Stillen Ozeans." He made use of oceanographic data collected by
882. discovering and naming the the Dutch Snellins Expeditions, 1929. 1930, and 1931. which
Ige. which separates the Arctic were not published until much later (Van Riel, Groen andl
- Basin and which has important Weenink, 1957). In 1935 Lumby published an atlas of surface
-mperature and salinity distribu- temperature and salinity distribution of the English Channel
ice of Monaco, began systematic based on data from 1909-1927. The year 1936 saw the publica-

the Mediterranean and North tion of two of the Meteor Expedition's atlases, Wust and Defant
Fitotidlle and Princess Alice. In on the stratification and circulation of the Atlantic Ocean, and
bservations of the velocity of the Bohnecke on the temperature, salinity, and density at the sur-
Bt/kt at anchor stations in the face of the Atlantic. In the same year, Iselin published an ac-
ters of Cape Hatteras and in the count of the circulation of the western North Atlantic based
ands. mainly on evidence of dynamic sections. In 1937 Parr reported

on the time variations of temperature, salinity, and flow velocity
ins. Bjerknes (1898)and Bjerknes in the Straits of Florida. Spilhaus reported his important in-
ked the beginning of the modern strument design, the mechanical BT, in 1938.
s provided a theoretical basis for
i in the sea from measurements of In 1940 Iselin discussed the variation in the transport of the
itributions of pressure. Knudsen Gulf Stream on the basis of 15 dynamic sections made between
,raphic tables for the conversion Montauk Point and Bermuda. Sverdrup. Johnson, and Fleming
o sigma-T in 1901. In 1915 Hes- (1942) published "The Oceans: Their Physics, Chemistry and
Md tables for the computation of General Biology." In the same year Schott published his
n. "Geographie des Atlantischen Ozeans." Both Sverdrup and

Schott based their discussions on the modern oceanographic
-loped the reversing water bottle data collected since 1900. Schott's book contained a wide selection
d andunprotected mercury ther- of topics, ranging from early voyages of exploration to
nto general use and were being meteorology and commerce in addition to discussion and charts
h and Vossberg in Berlin, theory, of distributions of temperature and salinity. Sverdrup's chapter
itional methods of modern on the water masses and currents of the oceans is the first
iblished. detailed worldwide summary and description of these subjects

that provided the basic framework for post-1945 theoretical
ii Council for the Exploration of studies and oceanographic exploration. Neither was able to
1902. began in 1908 to publish publish details of the annual variation of temperature in the up-
&hips of member nations in the per 150 meters of the ocean. It took more than 30 additional
Lh and Baltic Seas. Publication of years for a sufficient collection of BT and hydrocast data to
ntinued to date except during the make this possible.
from 19.30-59 from ICES publica-

Since 1946 a number of summaries of temperature data in the
North Atlantic and Indian Oceans have been published.

(1926) published their observa- Fuglister (1947) published charts of monthly sea surface
nity taken in the eastern North temperatures of the western North Atlantic based on BT and
Sen in 1913, 1914, and 1922. Also hydrocast data to 1946. Krauss (1958) published monthly charts
rts of temperature, salinity, and of sea surface temperature and salinity in the North Atlantic
itions previously collected using between 50ON and 8O°N, as well as tabulations of hydrocast data
following cruises: Michel Sars, collected between 1870 and 1953. His charts show considerable
[: Thor. 1905-6, 1910, 1911: tfmt, variability in salinity as well as temperature from month to
I: De,,t.schbtnl. 1911; Mtorfret/ue, month. The position of the 35%.. isoline shifts widely from the
-3. mean position shown in this atlas. Although individual observa-

tions occasionally show intrusions of 357.. water nearer to the
was established in 1914 after the coast of Greenland, the all-data means locate the western
of the U.S. Coast Guard showed boundary of this isoline north of 55°N at approximately 33°W.

1
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In 19601, IFnglisttr publishet" allAtlant it ()can 'ia -I' Itt. ltsc intdt~ieI N-' injntd \lI il
Tenin)Tatuire anti Salinity Plrofiles and D ata frot-n ittIt-- lxit itt winter. NIacika'saml- o Ili
nat ional (;(-,)fih vicial Yea (f 157 19ts,.''Tltt irr it.;...., I]- ti se surfacc ii.ttia 1854I 196.1. (:, ,

the tiata tisui in this at las. Dtietrch 1 t9621 tttlisl MeNIna 19614, Walltri andt iujt's Xl.i
Motnthly Temperature and SalinitY of the Sitrfact Ityt-' tr ile Struczture ction tilt- I-rida~ K\, i C,
Noth Sea andl kdjacent Waters froniI~t 190 t 95.-bTniczak BF data citilcttet 1911-1964 in Ili, 1%]

an Gtdtck.in191 ati111. u~iheivetia adhoriZtntai atlas ,I'cat'~~pl ceclimls. I )I,-
charts otf temtperature tijstribtrtittn in the Notrth Sea btased ()on sea IDavis in(ti IDcnitark Strait,. Laia~t .
sitrface anti hvtirttast dat a front 19012-I 12,5. at las itf the Tyrnhenian St-a, a ',i(pl,

lit 1963 Schrt'edcr published "North Atlantic emnperatUres Navale, N apleIs. b\ AIisirti. Pi, ,l It I.,
at a Depth of 2(00 Meters'' based on a subset of all-tiat a means and Mot rett i was based lit It tIt its In
comnputted from the 1962 runniling mon50 thly mteants of1 hydlrocast wsere ot i it hte WI1101 files, It heir tellip

and~ BT data ton file at the WootIds IHotle Oceanot graphtic Inst it u- detailetd, il utre in --oodt geteral I tccit

tittl (WOIl). Itt 1965 Schroeder pubilishedt -Average Motnthlly
Temperatures in the Northt Atlantic Ocean." This paper c-on- It 1969, D~ietricht ItlitliSitet ii "Atll-
tained mttnthly prttfiles alttng eightt meridianis, suirface tot 300 t f the Ntorthtern No rthi At ittlit- t c.i I
meters frtm 20'N tot tlte coasts tf New England, Canada, 1958." The IGY \tcars 1957- 19.5 psI-I
Greenland, and Iceland based tin XXlOl 's ciombinat ion ti f peraturcs in tlte striate laser i ;it bthI
hydrttcast and BT temperatutre dat a meants. Itt 1966 Schrioeder Occatts. Smell's (1964) Ai llnalI cs Itii

published "Average Surface Temperit tiresoi f the West ertn NttrthI area shiti annual III Sit it attI tt.iC ie 11

Atlantic'' where site nte(] titat Iter valuies were I-*C Itigher cihart s indlica te thtat tit lairgest p 'simlis r
than tbtose in the same area published by Fuglister (1947). Itt thit nviter attd thIat sutaner tcip eralto it N
cttmparison wvith Bthrneckc (1936) and tlte U.S. Navy 11.0. A similar situta~t ittn ccurred il Itt iCt 11,111I

225 (1944), there wsa a temperature difference osf +2*C in lDietrich'sstirface svitter ciarts were cit III,

summer motnths andi -3*C sttuth ttf Cape Hlatteras in winter. tng in Krauss ( 1958). Ili sturit(lit lc n ,ft~i

Alsii in 1963 Cttchrane published results ttf Texas A&M Coil- (IC istherm extendls Sot to 6It8'N .1111

lege's expedition tot study the equattrial undercurrent antd land in D)ietricht's stimnmer chtart . It ,it, 111

related currents tiff Brazil. the Krauss chtarts, wie IthIere is less (ilt it
ot f the 5*C and I 0*C jsttlitts itt tltt untutm

Wust (1964) published "Stratification and Circulation in the atlases. The 35'%. isitlite .iliprIIit-, , 1-(
AntilleaniCaribbican Basins," using analysis methods he had Dietrich's charts in bthl scintec attttit
developed in his 1936 work on the Meteor data. Smed (1964a) differences in loceation frtott Kratus,' ,h
published anotmalies otf sea surface temperature in the area means in this atlas apptear Itt he i - wpi
50*N tos 67*N, 00 tot 50*W from 1876 to 1961, shtwing some charts ot f Dietricht and Kratuss.
antomalies larger than ±P*C. In particular, the period 1930.
1960 had on the average higher temperatures thtan the peritod In 1971 results ttf 196;I eXttetiitiotns '-i t 11
1900-1930. In the same publicatitn, Smed (1964b) presented anid ('/ t i in tht' Mediterranean. Atdriatic ;iL-
salinity anomalies for the Celtic Sea, 47*N tto 52*N, 5*%W tot putblished ity Miller. Ternia. ('harttcksati>
1

0
-W, 1903.1958. These anotmalies range from +0.19 to east anti HT datta cotllecedt on theist -I

-0. 137,.. Mann, Grant and Fotote (1965) of the Bedford Insti- pttrateti in this atlas. Doing 11970)I 1 tttli-io
tote tf Oceanography published an atlas otf tceanographic diiscussiotn. "The' Motnstotn Regintt ttf lIthe I'!!
sections in the northwest Atlantic Ocean based on data taken Ocean." His Italir svas iast't tin VtvYrtksis h%,
in February 1962 and July 1964. the Internal tinal Intdian Ocean Es: 1tetim t t

this atlas. Also in 19701 Rtttfitgtlis ltill-
Buijan and Zore-Armanda 119661 pubitlishetIht' 152-19611 cioi- ctnd itiotns in thi' Aegean Sea. Titis atla

leetion of hydrographi detata in the Atiriat ic. Thest' data were' wcinter litempe'ratturie charts ait the' stirfaii- .

combinetd with BT data in the ptreptaration ttf this atlits. In 19617 tit'1ths. anti sal inity charts at tht' sttrfacc o
the U.S. Naval Oceanographic Offici' puitlished't their mttst retctnt
atlas of the North Atlantie sea surface temtperalture taset on In 1971 Wyrtki's Indian Oicean F\st,
tdata from 1854 through 1958 in Pti. 7001. Sea surface ptubilishedl. His atlas ecintains idetailt't cit

temperature atlases hased ton dlata exteniding hack ii the 19th tempteratture. salinity. oxyge'n, thttsthatic
century. including the U.S. Navy Hytirtgralthit. Office atlas ttf silicate dlistributtittns, water nmass :tnil ,\s--.
sea surface temperatures 11944). anthttse' ttf the Kttninklijk surface tempertures for the yt'ar 196:3. I
Netierlandsch Meteoroltigiseh Institnutt-Reil Sea an Gin l tf if Irehiensivt' oceanograpthic' atlas ttf thi lntt
Atden 119491. Indian Ocean 119521 anti Metilterranean Seail19571. coimbined BT and hydrietst datt vteis 5t-n

and LaViolette and Mason's mttnthly, charts tif sea sturfacte Intdian Ocean mttnt hly tentmlrtir' thatI a

temperatures tof the Intdian Ocean (19671. have a nigativi' iis tIf charts in this atlas.
applrosximately (i.5* - VC0( relative to the sea sturfatce
temperature derived primarily from BT idata taken bii'wee'n IA'nz (19711 putblishedi his detailed atlas Ii I
1942 and 1966 To re move this bias, isoitherm ptt'rinsrathier stirface and nine stibsurface lt'vels in the li
than absolute tempireraturesl. werie ftollowed~i when vains frttn 1902 to 1956. Colton anti Stoddiard 119721 111
these atlases were tised to fill our fieIlds in nit-tltta areas. Monthly Sea-Water Temperatures Notva St'I~

19401-1959." This dletiiledi atlas i nceltts 01011

Several publications between 1967-1969 were extremely use- depths hetween the surface an I1(10 mti-s



~i iiiliiitt N *wlii ntnd.cIxIlatts sind\it if li, Gull of s'ectiis ft-rn 1--, N lo71 -'1 N h Lii-ics i, t-
it) s-iiter. Nlazeika''. atlus of the troipical Ailaiit based gkvs tiors' ltinitiiin I,, Ili(' conipilii~il ri~I t ill. GII I
alli ttIc atji 1854-1963. Cithrini-'s repoirt o~f low s iti'. l anti shielf kiat,.r nial;, I hall 1.. t hII :it k-. h1

,aliii\vf ItInrtheastern Soiti I Ai'ricai in stumit there is good~i ari entitft l'itxw'il thi 1%%o atlia- II(
VXdloird and

1 Wi khtnd'\ "NI. nthl., Sea Tempe-rature ilta iasi's colic allroiiatlel II- saabpeio
1froinit t I-iridi Kis\s to Cap(- Cod. dlerived friont

ICoilk-tedi 1911-1964 in the W1IIOI file, and Grant's In 1973 [lie International l'oiileratk It' h iatIions-I Ilii
Iiocaiuigraphic sectioins, 1965-1967, clivering the Tetoical Atlantic RICTAi occtanigrapihii atii co\ler iii

III liniark Straits, Libradiir antd Irmuinger Seas. The FQI ALA NT I antd EQ Al A NT 11 Expt-dions111 it ill, in-i.il
the I'vrrheniatn Sea, atjioint publicationoif the Cinsiglji Atlantic -it,; pauiblishedI. 1 I ilriieasi andl 13t1 r lt illcci ons

le delle Ricrrhe, Rotme, and the Itistituti L'niv'ersitariii t hese expieditioins wivre osciI ill i 19171-197 ,1 111 Iifli

Naples, by Alisecrti, Piciitti. rriiti, D)e Malio, Lauretta troiitiail Atlantic. Rob~inson ltt73al I illisl~ an it Xila-i.0

reitti %% as based on hut h hvdriscast and BT data that Moit h I Mean Sea Su rface anad sti, lisaC, t'rPini hratil andi

tin the W1101 files. Their temperature fields are more Dlepth if the Topt of the Thernsiieline tl' f Mv Xe~ i ilt n Caribi-

* lit are in gooda general agreement with this atlas, itan Sea.'' Contours from that jalli-atin ark' 1-II'iiiillii' it-IfI
with the excetion oif the area niorthi if 201 N and vast if 7, W.

69, D~ietrich published his "Atlas of' the fHydrography %% liih was reanalyzed in 1175. Roihinso n alsi pubilislet I l9781Ii

\ in hemu NiorthI Atlantic Oceatn (Winter and Summer an at las of nitnin .t Ienmpteratuaries iii th li' i1Iiirathn- I

Thie IG c;ears 1957-1958 proiduced anomalous tem- antI Red Seas in IF that is reconitiulred iv et inl C'. lii iit -a ii

.1 in the surface Liver otf both Atlantic and Pacifie year Robin son 09t173ct piublished an atlas, if ti'. IZi S;(i

Snuetl's ( 1964) ano ,malies in the leeland-Greetuland temniperatuire structure in f'. liot atl siini't al iffu-rent-i Its

u- aninual po sit ive anomalies for 1957-1958. Dietrich 's than thiise inelluded here. Bot h (if i hisi-at lases, ",it a jiohli I in

tiiat e that the largest poisit ive anomalies occurried in S X 1011-i-h piage size. A se .lection if fiiur seasotnal setis of Reol

er andt that summer temperatures were closse to normal. Sea tempet-atuoct charts It Roiinsiot isas t plishll- to, ilthe

tir sittioin oicturred in the northeast Pacific Oceatn. Centre Natioinal poor l'Exjlti4itatiin i',s th-ta;ns i 'NENI Isiin 1971.

's surface wsinter charts were warmer than those appear-
tatiss (1958). In summer idifferences were variable. The In 1974 at revisedh edit ion iif the U S. Nays "Mait- Ct'inatin.

lirn -xt ends situth tol 68*N along the coast of Green- At las of the Wotrld. volum iini . Nonrth AtIan tic )cian %I , iu

D iet rich's summer chart, but only to 7 4*N in August in publhIished,. which toroided thie it-i linies asi in this at las.

uiss c harts, while there is less tlifference in the locations
i*C atnid I0*C isitlines in the stummer charts of the twit The Roibinsoin 119I761i atlas of Ntirth Pacific niont flili oan

Mhe 357,. istln apeptlIro aches clo ser toi Spit zbeorgen in ternpIeratu[les anti nitan sali nitit's i f tht' sourfaict laitr i a itt
1, charts in boith winter andi summer with random 1ianiitn sitlime to this Noirth Atlattic Indlian Iclett at las, ill

t's in Itication from Krauss' C-harts elsewhere. The scale. size'. antI analyssis met htids. Tt'niratutirt and salilts% ituit-

it this atlas appear tto be a ctomprotmise between the toturs in thi' tropttical Pat-ific, Cast (Iif IMM.i X antI iii thi' Gulf (if

I IDiet rich and Krautss. Thailandi est (if IMt15 E. are incltidedt in hot h at last's.

I results if 196 eximtit itns if the XW'II01 shipts A4tlanttis
ii in the' Mediterranean. Adlriatic antI Aegean Seas wi-ri' CHARTS
it iv MilIler. Tchernia. ('hantk ant Mc( ill. Tht hYdro-

[IT tdata Cotllected ttn t hese expteditions win'v i nitn- rhi' hoitizio ntal i-harts \%ire t racedt frino -itm iirttti''tt
ill this tlas. I tuing j itZt i tulilisheil a ctinitirhenkis tlots iintl dirnitI friont t hi' V q itatratigli teilerat nittttatis
itn. Tht Mitnsooin Regime (If the' Curtrents in the' Indtian iti hiundrt'iths if a idegree ('ilsins -intl salinity tivuMeais it
li- palper wa liastil tin Wvrtki's hvtlnitttst dlatat tape tf hiinilrtiths (of a part ter thouasandl. Thie ciitiilttatr oliits \vrt

nat ional Intlian Oceian ExpedtIitin tdata t hat wsts tised in hanid smoitith(-il to rnie ctontoutr irreguilat-it ies rit-i e 1tt it-t lv thi'

s. Alsit in I19701 Rstiftigalis plii sheid an atlats if titan twost-dimnensitonal linear interpotlatin cointouring irtigratin. Tnti

is in thi' Aegean Se'a. This atlats intlutdiedt stitunt er- in tentittn ws-as tot keepi the final Cointours suit hin 11.1~'C if t lii

t'nup-tur ar' httrt at thi' sturfate anti Fist' sitbsuirfac' nitmerical valuets. TIh is idigrie tof sniting d id nilt permnit

nil qdlin itv charts at t he surface antI at i50 nuterts. renioval tif all notise in the' fildhs. AlIthiiighi t hi' i-iii litic-
ginierat eu citn ttIi rs entl wherever thieri' an'e fi'w-ir thlan fiir ata

71 W' v rt k is InlinOen Esi-li i llis5 s 1 tin ts. t he i-tn tours wsere extendedt tot Ihe lantI tutu ni ant's sitig

it. [fis atlas cointains dtattiletd Charts iof thi' ileep cim puter dtata listings as a gidte.
hlut'. salinity. otxygien. phosplhate Iphosphotrotus. antI o
tlistrihutitins. water mass analy.\.ses. tand mtunthty seat On all hotrizontal ('harts tight graidients ate indticatioins i

te'mpitratures for the y-ear 1%3:. It is the most Coin- feattires entoiintered tin cturrent and wa-tt'r nitiss tundiarlies.

\e' oceraniographuic atlas of the' Intdian tceatn.- W~rt ki' aliong ctoasts, antI at thi' i nti'rsi'rtions ouf thte hotrizntital Chart

it BIT anti hsdrocast data taluss were used tot proucte the l-vils with the thermitetine- Space antl tinii avetraging imninishi

Ni-an mim hl lyv teminperatur itcihats atndl tillIlta sal init t hi' real shear that ticcurs within thi' tight irratit'nt trias.
ithis atlas.

The valueis for annual means. ratnges. tt'nmpteiatur'e dtif-

I91 ItIIPu lishetl his tIetailed atlas of temperatuttre at thi' feri'nrts. and dep'jths tif the hilt of ItIii t herioise i are computedi

intl nine stthsurface levs-il in the Baltic Sea tin datatt frot from the' final sets of 12 nionthly nmeans.
1956. Colton and Stodtdardt I1972t pubilishetd "Average

S ea-WtrTme-uutsNv ctat ~n sai The hop tof the thirmiteline is dlefineid as tht' dei'pth at whtiih the

i9 " This detailed atlas incltude,; monthly charts at eight tempe'ratttre is 2,F 0.Il00 less than thi' siirfat'e tt'mpettratuire.

umtsseen the surface and 10)0 meters antI eight ver-ticail This dtefinitinn idiffers ft-rom that of "mixedl layer idepth." The'



suirface teltit-Vrature nminus 2 F- dlpth has li tn i Ittvicl fwr The data le-trihout itt ,hart,.. produ- lt" idoll , 1t'.
thrikingz the lttt) tf thel thieroctlint tfom Ynoiht a%,ttaozo each niotil anid atnnual chart til rtbji t I lh Yi
tt ttlt ertttrts. becauseit is gretert' than the inall t' i itrid hrrcaszt ,ittrtat it~on kiih til htat, i- I
negatixe aratlients, near tht( surfae that arc ljrv-nt in ith the slhttw a sitnificant tucrvt, in sanlllli 'u ith li It l M' P
raw% data andi the analvnti vitits. and it islarge tnttiih to tracesd id nit txt,,nd to 1(1)- or ttt2.ft i-t tI
reach the large gratijents found inl the-tstntl or wion
Thernrtciines. It dotes not diistingutish bect wttni the tirt,. In Iaes iette~ml itt\tl ttt.tet':~

used. No data numbetlr isincledlti in artas %khetrl, Tl 11tt alire

In sumtmer in ntorthern latitudtes. %%herte l-seasontal t ivt- vatlues %%ere take-n front published titan ttttlptratun rt' hart-

niine iswl ecod andi the ilrtak i till, si, -if awhere, the hart benIi eowl uJ-t~1

temltperatuire-rs-ieltth I-raph is very sharip. tite bttomn ttf the-
mixjed i istthertttai larer anti th tdctrti nminuls 2 FIcpt lttti git lnly at singlt chart girts till datta disttiint itt fit all 1, -- ,
rer well. In spring in ntrthtrn latit ittS. ttttvvt' %t bett tllt till, the salinit ' charts bttcatise thett is litt It chainvtl ittt arnp. -
ttf the therrntcljne is ill-teicfntdi as the seastonal thtrttioclittt is with iettth ittttn the surfact and 1511 ttt
develoitjng anti ,nmail transient negat ire gratienttts ttav occur
throtughttut the water tt0L ant n the surface tentpieratuitrt tmtinus
2F (1 1.114'1 can ite extected ttt varY. ats tt mtarl it at thelot t

the ptermanent thernttcline ttr at new seasttnal thernmttcinv. Tllt DATA SOURCES
tttmptutation, httwev-er. (totes ptrttvide an intdicatittn ttf till- atttttittt
ttf heat that has tpenetrateti to the gire-n tdepti. The tentteratttre charts in this atlas art btasttd itt toltnlit

individual ttitstrratiiins listtd in Tale I anti tttatts t\trattt i
In winter tover the entire Nttrth Atlantic. the sttrfact from publishetd charts listetd in Tailt I1 Figure A prtstnti, thIt

temlttrature nminus 21F O1 d tepth, when it exists, is foutntd areal distrihtittn ttf tdata sourcts anti handling.
below I150mn Ait htttgh nttt inclutietd in this at las, the Num nericalI
Atlas tapte has all- data means at stantdartd hytirttcast levels The tinary tentperatuart tiata stturct was the fil- f
beltow 150om. These means are itiaseti ita trelttinderne tf so nt- pthtttgrapthic pri nts ttf BT slides ttai ntaine ntiat Wool& IfIt l
mer tdata. itut they (tio prttrde an est imate ttf the depth ttf the Oceanograpthic Inst it utittn "11011. Adtdit itotal BTt at a nt tin the
ptermanent thermocline- in mttnths when ntt seastonal ther- WHOI file were atited froniTexas A&M University fttr tht (;ilfof
mtcline is ptresent. In large areas ttf the( Nttrth Atlantic. liat- Mexicto anti Caribbean, anti frotnt the Unlirersity i f Mianti ftor the
tit Ianl ' in the Labtratdtr Sea. rtavis 'Strait. Btffi n Bay. Mediterranean anti Black Seas. BTdtata fttr the Reti attd .Araitian

Greetnlantd Sea. renntark Strait, cttast ttf Nttrwar anti Nttrth anti Seas. Persian and Bengal Gulfs, anti nttrth Intiian Ocean werte
Baltic Seas. tenmperatutre in winter inceasts wiit tiepthi anti taken frttm the Scrittps Inst i ittittn ttf Octeantgrapthy (SI) Bf-T
thtere is ntt thermocline. (See T-T.. charts. t files. These data were inclutdeti ttn Wrrtki's Internatitonal Intditti

Ocean Expteditittn tdata taptes.
The tdeptth ttf the tderivretd topl ttf the t herntocli nt is fttutnti ity

linear i nterptolatittn between mttnth hrv tempterttitre nteans ait ihe Addti onal ptrocesseti BTtiata were ptrtovidetd ttt WI I ianti SIt
IIt1)-ft t It-mt) lerels tt 150i m. then itet ween annutl nttans ait Is:; hr the U.S. Nary Hytrttgralthic Office t niti the U.S. Natal
m t00)) ft t, 2Ml) m. 244 in ISM1 ft t. 250t nt. :00 in. 3105 on (Itt0) ft), Oceanograpthit Office) frttn 195.5 ttt 1 960 anti ity the NatittnalI
3.SA) m. :366 m I121) oftt, 400 500, 600), 700,) SIX)1, 9)t. anti Oceantographic D'ata ('enter frttm 1960 tot 196?4.
V 1XX) mr. Ttt accom modtate this delth range withottut sacrificing
the resolution available in the surface lay* er, the cttntttur interval In August. 1974. BT tdata digitizeti ttn the 510 tdigitizer anti
ttn the thermtrcline charts changes frttm 5)1-ft t IS-mt above 15t0m XBT tdata digitizedti byv Fleet Numerical Weather Centcttl were
ttt 1)1)1-r intervals below 2M1( m. atdded tto the Atlantic data tieek south ttf :30'N.

The charts showing the temperature difference btetwreen the( It should he noted that the majority ttf the BT' datat useti in this
surface and 4010 ft tTt-T.) estimate the strtngth ttf the thtr- atlas was processed hy WHOI tor 51(1, where a cttnsistent effttrt
mttcline gradient confined between the tttp ttf the thermttcline has been matie since 1942 tto ptrotcess BT tiata writh a temprleratutre
and 41X) ft 1120) m t. T.-T.to chants. httwerer. girve ntt intdicatittn ttf atdjUStment so that the measutremlent. insttfar as is taissile is
midtiepth minima or maxima that (tccur in sttme areas where both relatively ttemlteratttre-ietth tlifferences t anti aitstilttly
waters of different temperature anti salinity characteristics are accurate.
intermixed at depth.

The ccurenes f mddeth empratre inia o maimaAlthttugh it has heen shown that the mechanical BT ptroitdes at

can be seen ttn the charts of annual cycle curves. These chartsreibetm rauedph rolete crc fte

are arranged in sets to shtow the sptatial variatioin in the seasotnal tempterature may itt biased( by shifts in calibtratittn either itt tite
cycles. Each of the sets cttntains cttmpttsites ttf tdifferent latitutde BT ttr in the reference temperature measuremntts matdt hy tttr-
sets to show the fuill range ttf latitudlinal rariatittns. anti the tn- cure thermttmeters ttetd to cal ibirate the BIT sidte "whetn Irt -

tire set ctotains charts at -)*-latitutde by Iti'-longitude intervals sed.
with atdditittnal selectetd poin ts ailtng the cttasts anti withbin the
irnegtlar shapes of the many seas and gulfs. After screening and processing, the intdiritdual BT obtserva-

lions appear tt be accuralte within 1j0.3'C anti the nteatns
The annual cycle curves are prttdttced by comptuter by ±0).11C. Year-to-year bias oray remain in portittns ttf thte final

calculating weekly values frttm the sixth barmttnic Ftturier coef- fieltds since large areas arte based on single-rear ttbservatitns
ficients of the twelve monthly mean values. and the total samtple sptans the years 1941-19701.
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t-lirlte It tit',. cotint for T]he secondary source of Atlantic data %ra'. hi Irsvai' c.-
rt ii. ,oihitd ne nifivrf FI'r nt Ive(t'll hrN \U4I or sletedtIl frontl I illoraphlic daita ldi

,0urh t he chart, ill-re 11011 andl lions. These %%ere nun izt- %sitl tihe FBT dlata it anl tqiiiiin
naflode sizl %%ithI depth. Mani BT iqasis as part of the WI)) I ritiram for ni:iniainim runningi

-. r 192-ft i 12)-nn orI 1,I)-ni tes intan tahulations of terttnporat nit' at selected lpt h. slirfa. I
ft 130 i). 151) fi t ; m 1,. 251) ft 17l; nil. :32s 11 110 n id , 1912 ft

1,.i -t 'c 'tvols 1)44)). the letter NIl is 1154) in
itt l artaS %his her eilerat ate

ii,d nit'alt tettlperatilre charts i- IlYdrllcast dlata in the Red and Arabiatn Seas and lBar of
.1"d kljectkvtlr% Bengial inluded all dalta colleted hi \rtlii from the Inter-

naltiolnal Indlian ()(trean E\llt'litiont.

he dlia disttiblut ion for all Itrel.s of
here is litlei change itt sattlet sizi. The motthiY sea surface tempjetratulre charts for thet souit hertn

fa I and 1511mtt. Indian Oct-ean wetre derirt'd from data tapes plrovridel 4 s the U.S.
Nationail W~eathert Recortds Cent er, Ashlt'ille, Not C(arollina,
Means covreredl datta cllec'Itedl 411 tti I S51 andI Il6s.

F~taus th daa clvlrag' i solt'rl'ullii niiottIs was iti-

ithis atlas, arte based lfn nmean., lf means %rere tabtlatedl frot llrt'siluslv pub~llishted at lases' antill -
,itt Table I anti nitans extrartetl values wevre t reatetd as if theyN wNere maqnsof intdivitdual I Ilserr a-

in Ta~ble If. Figttrte A prtestents he ios

Lo-cs an hadlin. The tempertuire data in the various geographic areas were
.data soutre' was the files If Subjected tol so~mewhat diffe'rent procedures, which wvill be

4dtbs ntai nIai netl at oodtts Hol described in the data preparation section.
Illli. Addtitional IT data tttt in thte
tias A&M Vniversity\ ftr the~tdf tf TABLE I
rllfl tht l'nirersitr ttfMiami for the Source of Individual Observations
is. FIT tata ftrtht' RetI ntl Artbian By G;overnments and Agencies
itlfs. ant nlort h Indian 4 It-an isert'
itutiton ttf OtearltgralthY (SI)) BIT Part A. BT observations (1941-1970) 1.134 ships contributing in
-dl ltn Wvxrtki's International Indtiatf Atlantic Ocean. Mediterranean, Adriatic. Aegean, Black,

C'aribbean Sleals, and Gulf of Mlexico, 209 ships cotn-
tributing in Red and Arabian Seas. Aden and Persian

It itrelrtitet tI\VI)IanISI)) Gulfs, Bay of Bengal, and Pacific Ocean cast of IOO'0A'.
ithic Olffice ( ntts thte U.S. Naral
19)55 toI 19604 and h.r the NatitonalA if0il

frtnt 1960) tol 196Kti Common wealth Scien t ific anlI Ind1 ustrial Research O rgant-
izatioln W S IOj Division of Fisheries and Oceanograph v

iligiti/tel on the Sit)0 digitizer' antI ('Istdl,

Nutmterical Wteat her Central were Fisheries Research Boatrd of Canadla, AtlIan tic (heanogra
feer, sottth ttf 3:10N. lplic Group,. Halifax, Ntva Scotia

Cohos Iio

toajttritY (If the FIT dtata usetdl in this Co~lom bian Navy. B~uenavent ura
if o r SIO . \\ here a cotnsistent teffttrt Inlll

trtteess FIT dlata with a temiterat are [Tnirersitv of Madras. Matdras
iltiremen1. i nsttfar as is jtttssiltle. is Per"

-det'Ith di fftrences 4 and attsolttl tx Instititto d~el Mar Peru, Linta

Royal B~ritish Natvs
I'lliftc it lb

that t he methanical FIT ltrltitltsa Fish antd Wildl i fe Service. Butreau oIf (Commercil Fisherie's
iprtfile It'.he attctracy oif thte i nows NationalI Mari ne Fisheri es Se rv ice), Nat ittnal I Ocean-

s. shifts in calibratittn e-it her in the iv andI Atmtospheric Atininst ratittn INM"S. NO AAM
at itre mteasutremntIs mail(, ltr. fler- labttratotries att Wootds Hole. Massach usetts: Gloutcestter.
aiiiibratet'Ihe FIT slitdt- when Itrtct-s- Massacthutstts: anti Btlothbar Harbor, Maine

Litmttnt-Dtthtrty\ Geologitcal Obst'rv-ato(ry% Columtb iat
University, Palisatles, New Yolrk

,ssing. tht' intliitstil FIT tots'rva- Nasal Ocreanogratphic Officte. FBaY St. Ltttis. Mississippi
.with in t 0.3C andt ht- nit-tns Naval Ord nance Latttratory. Silver Sptrintgs, Mlary land

ay remain in tstrltns of thte final aYSisoOprtny
Itaseti on single-r ear obse-rvatiotns RsNary Shi oo It f trinen Alophrcyin

ht' rears 111-194701. ces. I 1n iversil y of Miami. Mianti. Flotridla
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Slaion TcNtora %l 131. ICEl*S. 11441:. IGY

ttf.I, Catltifngi srp nliw- Pst ia ICY. lt

I.S. C ,;tt Gur Swedetln fill. IC ES. 11441
U.S. Na~x Thailandl 110 E. IGY

United Stte fil, ICES, I(;Y. 11441:. E14. Vtqll

Part B. \BT data (1966-19474) YLugtt~ii 4; Y
ItIShit"

V,,, 1, d *h tniver..kv of Washingtotn nr-i-hiljcl Relicrt m, 1 '.7', I HI.
Flivt Niinitrical Weaher l-nt,:tl I IN W4 , Minlv)v .i 1!)I;-

Califorial tidl dtilj jzt'l at FN\\t' Ii it11vitil h: 1*.S. Cotast Guardi BUlletins
Vinu S- sliips Ice [Patrol hvtirtcast listings 07 cept~rts pulishedtt

P'art C. Selected hydrocast station data (1900-1969) Weather station hdoatlsigt294 report pulished
I19643- 19470

1" .S. Coast G uard Report tof ('L,h, Expeiion. 19:31

Canadiain Oceatnograpthic Dat ttintu Shrcial Rvi U.S. Navy IlYdrographic Office. 11.0). Pu'itlt. iB-(C.
IS1 repots pui~lishil 1964;)19691 1949-19454; hf.l. Pub. 61ilSA-C. 1950,4-19453: TH. 51, 1954;

F'ish rie, R.-stnii Board of Canada. .\tlintc (Icua)
Lriplic Groupii~. HlifaIx. Ni il Scota C! n8 ot pub-

li~l-d 157 1611TABLE If
It, ritit1ii Sources of Temperature Means or Analyzed Cruise Data

EQUALANT I and 1I iEQI. EQID). 1963-19464 B oenetAeceo uhr
National Oceanographic Dtata C'enter hydrocast listings B oenetAeceo uhr

International Council fir the Exploration of the Sea Germanyt,
Bulletin hlYdrographique BliD. 19304-19.56, Charlottin - Schott. G., Geographie des Indischen und Stillen Ozean.,

lUnd Slot 1935.
I(CES Oceanographic- rPta Lists iCESt, 19457-194594. Schott, G., Geographic des Atlantischen Ozeans. 1942.

('harlot ten lund Slot Tomczak, G. and E. Coedecke, Monatskarten tier tempera-
International Gettthvsical Year 4 IYi, 1957-1958 tlur der Nordsee. 1962.

National Otceanotgraphic Data Center hydrocast listings Tomczak, G. and E. Goedecke. Die thermische schichtung
International Indian o)cean Expedition hIOE), 1(460-1966 der Nordsee auf grund dec mittleren jahresganges tier

Wy' rtki Indlian Ocean hytirocast tajpe 41906-19671 temperatur, 1964.
Natio~ns contribuoting data in the above publications and Lenz, W., Monatskarten der tempteratur dec Ostsee. 1(471.

data listings: it tItitt otittttld

Argentina IGY. EQI. EQII Dietrich, G.. Mean monthly temperature andl salinity of the
Australia ICY. IIOE surface layer of the North Sea anti adjacent waters from
Belgium [(CES 194)5-1954, 1962.
Brazil ICY. EQI. EQII Vethtctoln
Canatia BH, ICY Koninklijk Nederlandsch Meteoroltgisch Instituut, Reti Sea
Congo EQI. EQII anti Gulf of Aden oceanograpthic data. 1949.
Dahomey ICES Koninkllik Nederlandsch Meteoritlogisch Instituut. Intdian
Estonia BH Ocean oceanographic and meteorological data. 1952.
Finland BH. IGY Koninklijk Nederlandsch Meteorologisch Instituut. The
France B1t, ICES, HOE Mediterranean oceanographic and meteorological tdata,
German Federal Reptublic BH. ICES, ICY, hUOE 1957.
Iceland ICY UntifedI States
Indlia HOE Navy Hydrographic Office. World atlas of sea surface
Indonesia hUOE temperatures, 1944.
Ireland BH, ICES Fuglister. , Atlantic Ocean atlas, 19611.
Italy BH, ICES, ICY McLellan., The watcrs of the Gulf tof Nlcxict as
Ivory Coast EQI. EQII observed in 1958 and 1959, 1960.
Japan flOE Cochrane, J., Invcstigations ttf the Yucatan Current, 196 1.
Latvia BH Cttchrane, ,J., Yucatan Current, 1963.
Malagasy Republic hUOE Wust. G., Stratification and circulation in the Antillean-
Netherlands Bil. ICES, [HOE, ICY Caribbean Basins, 1964.
Nigeria EQI, EQII. ICY LaViolette, P. and C. Mason, Monthly charts of mean. min-
New Zealand IGY imurn and maximum sea surface temperatures otf the
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Indian 0cctan. 167.
V,thern Ireland HOE Naval 0ccantograth ic t ffice. tteanttgraph iv at last, the

N *rwNvfillI. IC(ES, I I(E, I G) North Atlantic, Sect ion 2 physical properties. 1967,.
P',kistan HOIE Miller.A.. 1'. Tchernia. If. C harnttck anti 1). Mel; ill. Med-
1la nd fillI. ICES iterranean Sea atlas, 1970.
l'.rtigal Bit. IC(ES. liOF WVrt ki. K., O ceanograph ic at las of the lio ... ito,,

, tItAfrica IGY. liOE Io'I,,t nvo ... d 11,, 1971

,Spain 1111. I CES. EQI. EQII Robinson, M.. Monthly mean sea surface and subsurface
Ssedlen 131. ICES, IHOE temperature and ietth of the top of the thermocljine
I'htktntl it (K. IGY Mediterranean. Black an(I Red Seas. 1973.

ofuw Soviet Socialist Republics ICES, EQI, EQI!. Robinson. M., MonthlY mean sea surface and subsurface
i;1'. lIOE te mperature and diept h of the thermocline Red Sea, 1973.

1 jite-d Stts BII, ICES. IGY. IIOE, EQI. EQII Robinson. M.. Atlas of monthly. mean sea surface and
Ylioslav ia iGNY subsurface temperature and depth of the top (of the

thermocline Gulf of Mexico and Caribbean Sea. 197:3.
r-sit\ o f Washington Technical Report no. 183 Vol. 1-11, U.S. Navy, Marine climatic atlas of the world. vol. 1, Nortit

I (I' Atlantic Ocean, 1974.
S, Coast Guard Btullet ins Robinson, MI. Atlas of North Pacific monthly mean temp-
Ice Patrol h , drocast listings 417 reports published ertures and mean salinities of the surface layer. 1976.

19:3 1 1 591
Wea ther station hydrocast listings (29 reports pthlished

19631 I4701 ANALYSIS PROCEDURE
I S. C oast G;uard Report of (Thelon Expedition, 1934
V.S. Navy iivdrographic Office, 11.0. Pub. 61 7B-G. The basic premise of the data anal 'lysis is t htt. giNin ani

19t49-19t54: 11.0. Pub. 618A-C, 1950-1953; TR. 58, 1956 adequate data distribution in time and] slate, asmoha11;'
cycle temperature ci,e can he const ructedi for every iat it i.'
longitude-depth intersection in the analysis grid. To, tmake. the

TABLE 11 task of creating nonthlv values for each depth, latitudle. and

urces or Temperature Means or Analyzed Cruise Data longitude feasible on an oceansvide basis., cotmputer progratms
By Govrnmens, Agnciesor Auhors ere dlevelop~ed to interpolate and smoo t h the dat a. AItlthoutiih
By ovenmnts Aences orAuhor teste prtogramts created values that w\ere tomlit at inal lv c..t-

.4 n rect . the resitlts based on[.\ on observed data ditl not prescerv
Scho t t. G.. Geographit' des Intlischeti und St illen Ozeans. kntown oceanographic featuttres in lowv-dtita-densit ' and]casa

1935. areas. Tto overcome the' inadequiacies in the data diSt ifltt i,,t and
'Schot.G.GorpiisAlnice zas 92 ti, maintain characteristic coastal gradients. suLehjct!vt analysis
1, toezak. (G. anti E. Goedecke. Monatskarten der tem pera- was used] to derive additional inplit dat a o that the comuter

ttir tier Ntordsee, 1962. solittio~ns, bounded by a comttbi nat ion of real and deived valuies.
fTomczak. G. anti E. Goedecke, Die thermische schiebtung woth ptroditce reatlistic nittmerical fieldls.

detr Nordsee auf grund der mittleren jahresganges der
tempteratur. 1964. To procas the main At ant itarea 50 Sto 650N ott t hi'Sit Icon-

L~enz. W., Monatskarten der temperatur der Ostsee, 1971. lotter, using the programs dlevelopedl 1) C. F. Sprague. the data
rnOttnl were separated in 19165 inttt six 400 X .110* areats that ttverlaplpe

D ietrich, (G., Mean monthly temperature and salinity of the .51. The Gitlf of Mexico antI Caribean Sett requtiredt septaratt
surface layer of the North Sea and adjacent waters from ptrocessing antI the Medliterranean Sea wcas divitdet into t\o
190t5-1954, 1962. ttverlapping areas. The'se early\ rttns were ttsetd tt edtlit thIe data

th, fl1,11,s httrizont ally ant h disctover areas retqttiring siubtject ive analysis.
Kttninklijk Nederlandsch Meteorologisch Instituut, Red Sea

anti Gulf otf Atden oceanographic data. 1949. In 19167, the' ptrogritms were convertedt by M. McI~ennan lto al-
Kttninklijk Nederlandsch Meteorologisch Instituut. Indian ltow the ptritcessing otf an SO0 X So'~ areat otn the Fleett Nitmtecical

Ocean otceanographic and meteorological data. 1952. Weather Central cotmpitter. The major reanatlysis that followedl
Kttninklijk Nederlandsch Meteoroiogisch Instituut, The dividled the Atlantic intot three nmajor ritns, prtocessing the Gttlf

Metditerranean oceanographic and meteorological data, (If Gitinea anti the regions nttrth of the Irelantl-tt.-Greenland linte
1957. as septarate overlappting areas, bitt again majotr diata ptrotblenm

it,,t/ Stth's were encoitnteredl.
Navy l'lydrttgraphic Office. World atlas of sea surface

temperatures. 1944. In 1968. a cotmpttert protgram was written bty R. Batter tand N.
Fuglister. F.. Atlantic Ocean atlas. 1960. Ptertiue ttt product' contour charts otn a Mercatttr prtl~ivcttitn. Thte
M(Lt.elan, If., The waters of the Gulf of Mcxicto as pltttting ptrogram alstt incltudedl lotgic to ctnmphite annual nmeans

o.bservcd in 1958 and 1959, 1960. and ranges for each level front the motnthly vabtes. temntpertutre
Gcbranc, J., Investigations of the Yucatan Current, 1961. differences between le'vels, and a dth fttr theto o111tf the thlr-
Cmhtrane, J., Ytucatan Current. 1963. mocline so that all analysis resutlts ctiltd te qutickly reviewedt.
Wust. (G., Stratification and circulation in the Antillean- Adlditionally, tt assist in sttbjective analysis. prtograms we're

fCaribtbean Basins, 1964. written to plot t imt..temperature tlist ribitt itons anti dhepth-
La~iotlette. P. and C. Mason, Monthly charts of mean. min- temperature profiles of the observeti tdata anti nmeans. to ptltt

imum and maximum sea surface temperatures of the third through sixth harmotnic curves, anti tt list antI edlt the
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data file. These programs greatly reduced the clerical effort and depths of 1.'O ft i4t; m i when hydrocast data a vrv added ini,- the
also increased the pace of the project. WIt0I 1 0 monthly running means. Frequentl]. 25 ft i7t; , ka.,

also onitted from standard h vdrocasts. 'rhev a, r,' to(,
In 1972 the program was again upgraded hv R. Bauer so that problems: first, when data from hot h sources werv presen t. l

a matrix of 1 9)0of longitude y i8)Oof latitude cou dhe processed, mean at 150 ft 146 mi might he inconsistent with the means
This eliminated internal boundaries in the Atlantic and made it above and below; and second, if only hydrscast data w en,
possible to prepare the contour charts over the entire fields for availabhle. no temperature value wouhl e present at 1I7S ft i It; ii
use in drafting the final atlas. and the horizontal space interpolation program woul protuce

a missing value inconsistent with those above antI below To cor-
The salinity charts were produced in 1972 using the same rect these problems, the raw data means had to be cxamined and

basic computer methods developed for the temperature data. corrected where necessary.
and they were processed as a single field 5°S to 72°N, '0W to
100°E. The western Caribbean Sea and the Gulf of Mexico were By January 1973. this work was complete and corrections
included in the Pacific run. which extended to 75°W with a 5' were forwarded to SIO for keypunching. In the new runs made
analysis area oiverlap. in March. the northern regions now were satisfactory. bt

because of the paucity of data in the tropical Atlantic the results
were still poor. Several attempts at reanalysis of the data hy
varying areas where one-dimensional and two-dimensional in-

TEMPERATURE DATA PREPARATION terpolation was used were to no avail. The results did not
portray the vertical or horizontal structure that coul be ex-

* ATLANTIC OCEAN pected to he associated with the Atlantic equatorial current
system.

Running mean temperature values, by months. by 10
quadrangles at surface, 30. 46. 76, 100, and 1.50 m. and the Support for reanalysis of the Equatorial Atlantic was received
number of observations on which they were based are main- from National Marine Fisheries Service (NMFS-NOAA. ani
tained at WHOI from temperature readings tabulated on the subjective horizontal and time-curve interpolations were under-
backs of BT cards and from published hydrocast data. The taken by Robinson.
means and sample sizes were hand tabulated by Schroeder and
forwarded to SIO, where they were keypunched. Only a part of By the end of 1975. after the addition of 3800 new BT and XBT
these data has been digitized in NODC format, but efforts are obervations and a great number of subjective analysis values.
underway to digitize the remainder. runs were made that yielded satisfactory results.

When the first computer runs were available in 1966-67, The ice lines on the North Atlantic sea surface temperature
covering the areas 50S to 65'N. 80°W to 10°E. excluding the charts are taken from the U.S. Navy Marine Climatic Atlas of
Caribbean and Mediterranean Seas, it was evident that in areas the World. volume 1. North Atlantic (19741. The line marks the
of numerous data the computer programs did provide a realistic extent of 6/8 ice coverage by close pack ice. The ice line crosses
picture of the temperature structure. In areas of sparse data, isotherms in both this atlas and the source atlas because the sea
such as the northern seas in winter, areas of tight gradients ice drifts into and through areas of warmer and more saline sur-
along the continental slopes, and in narrow gulfs, the programs face water.
did not produce valid results. After hand contouring the 1152
computer output sheets, the need to bound the solutions along * CARIBBEAN AND GULF OF MEXICO AREAS
all coasts and along northern and southern boundaries was
recognized. Schroeder undertook the production of these subjec- Three separate runs were made of the Caribbean Sea and Gulf
tive values beginning in 1968 by sketching time curves through of Mexico areas. In 1968 the first run was made based on WII)I
available data and using published atlases or analyzed data data tabulations. There were many gaps in the data. and it was
fields to guide her choice of interpolated values. Means of real discovered that none of the Texas A & M BT data were included
data were altered to a midmonth point where necessary. in the WHOI files. John Cochrane loaned Texas A & M's BT files

to SIO. and temperatures front 16.(H)O BT traces vere tabulated
Working from the southern tip of Florida clockwise around anti a second run was made. Although these results were

the Atlantic basin, by the spring of 1971 Schroeder had corm- superior to the first., serious data gaps still existed. The subjec-
pleted edge values around Africa, then across the Atlantic along tive work of developing edge values ani filling data gaps by
4S to Brazil but had not done the South American coast. This 3- developing time curves at selected points over the entire area
year subjective analysis effort produced complete sets of was done at SIO by Robinson with the aid of previously
monthly values for 1,129 10 areas. At this point, the entire set of published atlases and papers, which are listed in Table 11. By
Atlantic data was reanalyzed, using the revised programs that 1970 this work was completed and new satisfactory runs were
included the calculation of the depth of the thermocline, and a made. In March 1973 an interim atlas covering these areas at
complete set of computer plots was produced. In reviewing the 100-ft (30-m) levels in 'C was issued by $10 with support from
thermocline plots, major discontinuities were discovered NMFS-NOAA.
between fields at 1.50 ft (46 m) and those at 100 ft (30 ml above
and 250 ft 176 m) below. These inconsistencies had escaped notice * MEDITERRANEAN AND BLACK SEAS
during the review of the hand-contoured horizontal charts hut
became obvious when the values were compared vertically. The The primary data sources for these areas were the W1101 HT
discontinuities were caused by the fact that no attempt had been ani hydrocast files. Additional BT and hydrocast observations
made to derive a value from the hydrocast data for the BT were obtained from Rosenstiel School of Marine and At-
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i Ndricast data wicre ailietI in to the' mospheric Sciences, University of Miami. Sea surface tempera.
mixins. I'rvquent1% 25(1 ft 476 tl 1 %%a, ture means from the U.S. National Weather Records Center's
ard hIt vrocasts. There were t%%, marine decks, the Netherlands Meteorological Institute's publi-
from both sources wkere present. the cations and other published sources listed in Table II were
tht he inconsistent with the means used to fill in edge values and data gaps. Seasonal curves were
-ond. if only\ hydrocast data were developed along coastal and selected points to fill in data gaps
dlue would be- present at 150 ft ( 16 to0I and edit the raw data means by Robinson. Time curves for all
[erisilation program would prodlute V~ quadrangles in the Adriatic and Black Sea and most of the
w %ith those abve andi below. To ror- Aegean Sea were developed.
data means hail tol he exainedland

Successful final computer runs of these data were made in
1970. In August 1973 FNWC issued an interim atlas covering

%ork was compillete anil coirrectionis these areas and the Red Sea at Il00-ft (30-m) levels in *F.
kivliu nch ing. In the new\ rttns mails
egilins now were satisfactiiry, but *RED AND ARABIAN SEAS, ADEN AND PERSIAN
ta in the tropical Atlantic the restults GULFS, AND BAY OF BENGAL
emipts at reanalysis of the, data liv
inensional antd two-di mensional in- I ata in t hess areas \%sere based on the BT files at 5144 collateid
ev to no avail. The resulIts (i ii not b.\ Wvrt ki. I'n iversi tv i Iassaii. wtit h h\d rocast idata from the
izointal structure that ciould lie ex- International Indian Ocean Expetlition. The Reid Sea. Goilf of
h the At lantit' etquatiirial cturrient Aiden, andl Persian Gua fexcet for lo~tt ing, were handleid siibjec-

tiely anil time ctirves were idevelopied for all 1I quad rangles.
The coimpitter interpiolation proigrams ilo not stitcessfully\

the Eiquatoirial Atlantic was receiveid operate in narrow, diagonal configurations. Addlitiiinal areas
i'ries Service INMIFS-NOAAI. anti aliing the Oman Coast. ioff the west coast of Inilia. anul in the Bay,
ie-cttrve interpoilatiiins were under- of Bengalas shown in Figure A,%were sulijectiVt'ly analyzed. A

sepiarate Red Sea Atlas wa-is pubulishetd in O(' at idetiths iof 0. :10.
46;, 76, 100 and 150 mo Robi nson. 197:3, 1974.1

he addition of 3800 new BT and XBT
miter of subjective Analysis values, Except along the main ship routes in the Arahian Sca ani Bay\
I satisfactisry results. of Bengal, data gaps were very largie in both spate and time as

data distribution charts indicate. In these' arias analysis was
h Atlantic sea surface temperature carried otut at 100-ft levels. Programs wevre written to ciunmbine
*.,. Navy' Marine (Climatic Atlas oif data in bimonthly means. These means were then analyzedl
Atlantic 1197441. The line marks the horizontally and the fieltds evaluated. Adduitional subjective
close pack ice. The ice line trosses v-alues were develoiped and a second suct'essftil run nmade. Next, a

ani the source atlas because the sea third harmonic curve was fittedl to these six means a.nd twelve
eas of warmer and more saline sur- monthly values priiduced froim the curves. Thi' fields were toni-

pater plotted and evaluated ttgether with plots iif the harmoinic
time curves. The results were consistent with pirevioius sulujet'-

OF MEXICO AREAS tive analyses done by Robinson 11967) and Wyrtki 419714 in the
area, and they appear to he reasonable moidels oif the surface

uuaihi if the C'aribbean St's anid GlIf layer ternpleratutre structure.
first run was matd' basid on \VI 11
- many gaps in the idata. antI it was e INDIAN OCEAN
is as A & M RT dlata were' incliudedi

rant. lanedi Texas A & M's HT files Sea asurface temperature means from the IT.S. National
it 16,0010 BT traits wetre tabiulaitedi Weather Recortds Center's marine deck were analyzed to piroduice

Iiie. Although thesi' riesults were miinthly mean sea sturface charts ctovering the Indian Ocean
dlata gapis still existeid. The sutijet'. friim 20* F to 150*E FO5S to 48'0. These data were analyzed us-
i' valties antd filling tdata gusiis tiy. ing the basic two-tdimensional interpolation, spasce smoothing.
'lieted Isints over the' entire' area anil time smoiithing pirograms.
nsiin with the aii iof previoiusly
swhith are listed in Table 11. By At 5'S, contours on these charts agree with thiise proiduced
-dl antI ne'w satisfatory rtuns were' from BT anid hytlricast data. Some smtiothing was reqtuirei] tio
trim atlas tcivt'ring thiese arias .11 make them fit. but the adjustments were primarily of the order
s issued l b SI) ssith support front of 0.1V to 0.2'C becausi' the temperature fields in the region are

very fla stind the displacements of the isotherms in spac' were
small. Wooster, Schaefer and Robinson (1967) published

BLACK SEAS sea surface temperature charts of the north Indian Ocean
I to V'S based on National Records data. The isotherms in that

for thesie arias were t he WIIIJI HTf publication are in remarkably close agreement to those of
a1 lIT and hyilro'ast obse'rvatiions the BT data version in this atlas. Coastal gradients, particu-
stiel Schiiil of Marine anid At- larly in the Somali current region and along the Oman

Coast, we~re tighter in the BT version. Similar lessening of
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current atll coadstal gradicrnts mnay occor ill the Soulth Inianit cllllll'inI the' all-iata I Ilaallltl' mlilt-. Wh't-1 I,1:d

Ocean surfacc temperature charts. colntainedt threl e orlmote \allls outoide tht lo-tal.1,Iuh,',ilw
the entire oIbservat ion "as delceed

9 NORTH AND BALTIC SEAS The nomcan \values - \ wlreI printld a I nb tlI pat LI r. --d, -1.111

The D eutsche Ilylirlgratlhischec Zeitsrhrift, IIatihurl,. kindle salifit - -epth p~rofile's on at Ilonipsit.lo t for vah 7. Ml~dl 1l
gate Its pirmflhionlf tol reproducellI thir ilfinlijoiv tlviiperattlie, sqjuare. Addlitionnuib, the liensit ' strictuv ilteb wlrin.. vul ih l
(harts for the Nolrth S;ea ipublished i)v Tmlncak and1 1 ; 1 k,* 10' sq~uare. After re6viwi the results til h illlctli

1962. 14.and fill the Bait ic lv Lenz 1711. salinity limit table "was revisell to fute ilt lt jtw i.'
leiltelt. andi the mneans wete recompulltedl.

In o~rder tol coplelte ouri dalta tapels, data be 1 qulaliranies
"ere read and tablulatedl frolm till publilishedi Ittlolil hi% chart. in The nmeans. standailrd Ileviatillns, nlnitnll and ali umlsill

the(enerof heIlodrngls.In the North Sea t his sufficed for vautes. anli sattlIeil sizes were listedi fort all I illaotvmlliI.. ~li
the 30- and 60l-mn levels. FortunatelY. noknt hi \111 cal ccltion, colntainedl liensite% instabilities. The- tilan, ilit11 .11111 hid
were also plublishedl for each latitude. Temperature talies \\lie dleting~ a porlt ionf If the strturetilt . kl intit! a I h "I.
read from the sectillns at midpol~int If earh longitude11 fotr (levI tamned he using xertiral linlat' interplat i 1111 it 111 ii Tl~

90, and 120 it. Published co~ntour~ts at 7.5. S0. W01( nt ;ll,[ ait the' valuels tol relace the lltllstilllali' vailil Vvi-ita11 l i. l Il

bottolm were used as guides in colntoulring tl'( tenmperatur \%1'(as used] tol litain a ealtil'that fit w\ith t hlidataI ab.\. andll 11

fields, allowing its Ill pro~vide motr' detail in the rlltollus than wthen the dliscolntinulity was cau~sed b.\ a chli.t inallie ;ti 4-
(liir 11 derived Val IeS Cold p~rovidle. The ann ual (Vile cu(Irves
plrodulced from the lerivel \-allues are co~nsisten t with till till' When all correct(ions had been madIll tihl lilln ail I111 (Il

colntinutity of the (original ('harts. plroclessedi through the first twol stepls If 1ti n haul Ildl .
plrogram: horizontal inteltllatio~n andI smoioltlii, Ilillit t ilit Iiiw

In the Baltic. month ly horizontal tt'mperattore chalrts were't t i m(' 5001hi ng i Means that were nt int silvvo' i tt\ " bIaith ul-
available at 0l. 311.and 60m, which couild hb' tablliatedi lire'(t iv. rolundling nmeans wvere' dleltedl atil till field, %ter-Ow
Values5 for 90.120Oand iS0ni were inte'rliate'd from the published reanalyze(].
vertical sections. IFor the months January through Ap~ril iii tihe
Gulf (If Bothnia. %-alues were extrapolated from whatever valtues
were shown on the horizontal charts at 801 and 100~m, andiat the
bottom, on the a~ssu~mptio~n that the May deep valutes wer(' all- GEOGRAPHIC AND TIME ANALYSIS PRO-
plroximately equal tol the minimum v'alue's. reac'hedl in mliwinter GRAM
tint rot as early as December. Ic'e line's in this area w\ere taken
from Lenz 119711. The main computer anuolsis involve6 5 lv slilaratl'

colmputat ions: 0II linear one- o~r t wol-dimtensiolt holrizonttal ill-
9 IRISH SEA terliolation; 121 horizontal smool~thing; 1:3, timel snillllthing: 14I lii'

juatment of false gradientIs; and 151 interpliatio Ito I 1011-ft le vIs.
Surface temperatures (only were availabile for the Irish Sea. Additionally, the plrogranm plrodultced horizolntal andi tiii-series

permission was kinly given by the International CoIuncil for listings of the data.
the Exploration of the Sea IICESI to replrodluce surface
tempe~ratures for the Irish Sea from their 1962 atlas c'overing the The first two steps of this analy-sis ope(ratedl (on each le've'l andi
North andI Irish Seas and atuthor(,(] by Dietrich. The samnel month independently. The third ste'l opellratedI o~n t\velvI'
method o~f dligitizing values for each 10 qluad~rangle \\ais itself as monthly values at each level in time, Indl the last twol opelratedl
for the North andi Baltic Seas, on values for a single month and position vertic'ally.

9 INTERPOLATION

SALINITY DATA PREPARATION In the tropical regions, one-dimensional linear inte'rplliatioln
along a latitude was used toI fill in the horizlontal fieldis. In the

Saltnity and temperature data on the NODC 1969 hydrllcast remaining areas. twot-dimensiional interpollatioin \%its itsell. The
tapes were extracted at standard Nt)DC depth levels uising the so~lution for the two-dlimensiolnal interliatioln used'l an ite'rative'
first (observed values less than 10 m for the surface obse'rvation technique modified to ignore cells that repiresent(-(] landI areas
when a surface value did not exist. The salinity' values at 100l-ft (Peaceman and Rachford, 19531. Convergence was asshti'I
(310-in I intervals were interpolated from each olbservatioln tol when the maximum relative change between ite'ratiolns \%-is less
p~rovidle salin ity distributions forlevels matchingthe templerature' than 0.005 0C and the maximum difference wa-.s less than
analysis, using the four-point double-limb qtadratic interlail- 0I.00l51C. In two-dimensional interpolation, an interplatel valuel
tion whenever possible. If either of the limbs or the melans lay was equal to the average of the neighboring values (either
outside the range of the adjacent values, linear interplalatioln observed or interpolated) in the columns and rowis. Oblservedl
was used. valtues were not altered in either one- or twol-dinmensiollt inter-

polation.
The individual observations were then tabulated for e'ach 110,

Marsden sqluare on temperature-depth and salinity-depth plolts.
From these plots a table of minimum and maximum valuesatl- 0 SPACE SMOOTHING
lowabie at each level in each Marsden square was createdl. The The space smoothing p~rocess repilaces each value.l' lither
table was then used to screen observations before they were in- observed or interpolated, by the \-allies dete'rmined bY at least-
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11 in Ihe adl-data I' qutadrangle means. Wh'len a hv~drtocast sq iltarvs fit to, a straight ine, of the three I iittts centeredl. w hete
iethree or motre values outtside the estabilishedl limits. possible. at the point being smtooithed. The iioei'' ciiil

ntiirv observation wa-is deleted. through, first ailing latituides and then along loigit sId"o In
orletr to retaint gradients in coastal areas,. arty. I qutadranigle-mnean xalties were printed as temperaturt'-I'ptt attd Could lie flagged ais at cotnstant. When flagged. the %ilies \i ere

i -depth profiles on a composite plot for each 5' Nlarsden used in the space- smioothing but wivre not replaced %it it a
.- \lditionall. ,the density. structures wvere printed for the siloot heil value.
tare. A fter reviewing the results the tentperatutre andli
tt% iit table was revisedl to furt her restrict the data ac(-

1,nand the means \%ere recoinputed. 0 TIME SMOOTHING
After horizointaul interpolation antI smoothling. the itontlly

titans. standardl deviations, minimum and nmaximutm v-allies for each level at the I' quiadrangle lotcation %%itc
sntl sample sizes were listed for all 10 quadrangles that smoothed in time. The timi-sniotlii taint's \%eetI' oltl.

ned tlensit 'v instalbilities. The nmeans were thin editedl 1) using cotefficients for the first three' larttttotics oif tihe Fourier
tiV a poirt ion (of the st ructutre, or biy inserting it valute i- fitnctiotn fit tedl to the niont hly stiace-stiuot bei ta liiis. Dait a thtat
I 1w\ using vertical linear i nterpolat ion litwueen exist intg were flaggedl as coinstants w\ere nut tisitittt hit - t ini

sireplacet'Ihe qutestionable valute. Vertical in terpolat iont soothing pirocedutre adljusts means to uiiili-tit ti vaute,.i'
sed to obtain a value that fit with th(' dauta abouve atu bielowu

he .1 stuntinit t was caused l).Niv change in santllt size. SADJUSTMENT OF GiRAD)IENTS

al lll correct ions hail been nmade the nmean v-alutes were In this at las the hotrizontal graien ts in nearshite ateas wecre

',edl through the first twit steps oif the nmain analysis maintained by.\ it comnblination oif subjective. anti cottputtr
at ii horizontal i nterpolat ion and snotuhi ng ittnitt ing the analyses. The coastal values wi re jtreanalvzeil antI heldl cittstatt
titusthingi \ Mvans that were not in space cin text wit h stir- throtughoutt the main analysis run.
ing nmetns wvere dletedl anti the fielids were thetn

JV~ed.The analysis program nmay generate vertical gradlients that
are not present in the observedl datat Iy i nterpotlation ovur diif-
ferent distance.s at various levels antI by time snmotothing it litra-
tions where the true subsurface annual cycle c'urve has at culsp) orGRAPHIC AND TIMIE ANALYSIS PRO- ptointed peak shape that third harmomnic curves catntot piroducei.'

AMInterpolation caused significant pirobtlenms in early runs in
main Computer analysis invotlvedl five septarate areas near th(' contine'ntal shelves wtth lowu datua c'overage. 'To

tatituns: (ItI linear on( - oir two-dimensional hotrizontail in- rectify' the problem, values (ott to the 492 ft (150 m nu dttth con-
'uitn: (21 horizontal smoothing; 13t time smuoothing: ( 1 adl- tour were subjectively analyzed and heldl constant thrugh later
'nt if false gradients: anti (5) interpotlation to 100-ft levels. analysis runs.
onally the ptrogram produced] horizontal antI time-series

tof the data. The other type of inconsistency occurs front tOctotber throutghi
January in the subsurface levels north of 3 0 N. In these aireas

first twot steps of this analysis operated on each level antI the subsurface third harmonic curves tend to oivershnott the stir-
indlependently. The third stept ope'ratedl on twelve face curve, creating false positive temperature gradie'nts. These

ly values at each level in time, and the last two operated gradients were removed by making the water column isother-mal
ti's fur a single month and position vertically, in selected months. Real ptositive gradtients, which tccutr in still-

arctic regions, in coastal regions, antI along wvater-mass houn-
ERPOLTIONdaries, were not altered by the programs. In many regions the
ERPOLATIONextent of the Ipositive gradient wvas less than the contotur interval

ie trotpical regions, one-dimensional linear interpiolatioin and cannot be identified on the horizontal charts.
ilatitude was tusetd to fill in the horizontal fieldls. In the
ing areas, twot-dimensiotnal interpolation was tiseul. Th(' 9 INTERPOLATION TO tOO-FT (30-M) LEVELS
n for the two-dimensional interpolation usedl an iterative
tie modified to ignore cells that represented land atru'as In the Atlantic basin where WHOI dlata were usedl as the

man antI Rachforul, 1953t. Convergence was assitnedi primary source file, the analysis program was used for a fifth
he maximum relative change between iterations usas less function, to interpolate from WHO[ levels tolOO-ft13l-mnulevels.
.tlll5'C andl the maximum difference was less than The interpolation used was a simple linear interpolatiton using 01,

.In two-dlimensional interpolation, an interpolated value 30, and 150 in directly for 0, lO0and 492 ft and interpuolation for 200t
ual ton the average of the neighboring values leither ft (60 ml, 300 ft (90 ml, and 400 ft 1120 m) between the 310-, .16-.
'd or interpolated I in the columns antI rows. Observed 76-, 100-, and 150-in levels.
were not altered in either tine- or two-dimensional inter-
n.

'E SMOOTHING

space smoothing process replaces each value, either
d or interpolated, by the values tdetermine't by a least-
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ANNUAL CYCLE TEMPERATURE CURVES
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